Abstract. The study was carried out from 2010 to 2013 under specific soil and climatic conditions in the experimental field of the Institute of Agriculture and Seed Science "Obraztsov chiflik"-Rousse. The objective of the study was to establish variability of some important alfalfa traits and relationships between them in alfalfa germplasm. The relatively low variation coefficient for quality traits-leaf/stem ratio (1.22 %) and crude protein content (2.16 %) was established, and the highest coefficient for stem number per unit area and dry matter yield. Dry matter yield was strictly and positively correlated with stems number per m 2 and moderately negatively with leaf/stem ratio. A weak negative relationship between dry matter yield and protein content was found. The result of present investigation indicated that number of stems could be a successful criterion in selection for alfalfa yield increase and quality improvement, respectively.
Introduction
Natural meadows and pastures form a larger part of the vegetation cover of the country and are of great economic and environmental importance.
Cultivated alfalfa (Medicago sativa L. subsp. sativa, 2n=4x=32) is the most common forage species in the world due to its high forage quality, yield and adaptability to different climatic conditions. The main objectives of the most alfalfa breeding programs are yield increase and quality improvement.
Johnson and collab. stated that understanding the relationships between quality and agronomic traits may benefit breeding programs [JOHNSON et al., 1994] .
Alfalfa yield is the result of yield components effect: number of plants per area, number of stems per plant, weight and height of individual stem [FICK et al., 1988] , while alfalfa quality is a complex trait determined by morphological (leaf/stem ratio), chemical [crude protein (CP), crude fat, nitrogen-free extract (NFE) and crude fiber (CF) or structural fiber (NDF, ADF, lignin)] and physiological composition [KIRILOV, 2001 , BUTNARIU and CORADINI, 2012 , STOLERU, et al., 2015 . The traits influencing yield and quality may directly or indirectly affect each other and for the purpose of breeding programs, they should be subject to study. Smith . Considering targets of breeding efforts for alfalfa, the most important one, is feeding value of forage (forage quality), which is characterized by high protein content but moderate energy value [VERONESI et al., 2006 , BUTNARIU, et al., 2006 , HAMBURDA, et al., 2016 . The nutritional value of alfalfa is trait whose expression is influenced by many factors. Although alfalfa crop fields have the appearance of a uniform mass consisting of stems, leaves, flowers and petioles, each of these parts differ in terms of chemical composition [TYROLOVA and VYBORNA, 2008; VASILEVA, 2013] .
Alfalfa nutritive value is identified with protein content in dray matter which depends on the share of leaves in dry matter yield which in its turn is positively correlated with protein content [JULIER et al., 2001 , BUTNARIU, et al., 2005 , STEFAN, et al., 2013 .
Alfalfa breeding for increased nutritional value is performed by developing cultivars with a higher proportion of leaves in dry matter yield, because leaves are richer in protein and vitamins and forage quality is thus improved in an indirect manner [ The objective of the study was to establish variability of some important alfalfa agronomic traits and relationships between them in alfalfa germplasms.
Material and methods
The experiment was carried out from 2010 to 2013 under specific soil and climatic conditions in the experimental field of the IASS "Obraztsov chiflik"-Rousse. Six alfalfa germplasms: SP-SP, SP-SP 08 , SP-SP 07 , SP-SP 08-1 , SP-VK 09 , SP D-SP 05 and Prista 2 variety were included. A randomized block design with four replications was used for the experiment. The harvesting plot size was 10 m 2 with inter-row space of 12,5 cm.
Alfalfa was grown without irrigation and green mass harvesting was carried out in early flowering stage (10-15% of the plants were flowering). The climate is continental. The soil type is mainly leached and podzolized Chernozems, located on sandy clay. The humus content is low and for the layer of 0 to 40 cm was ranged from 2.03 % to 2.17 %. The soil reaction is slightly acid (pHbetween 5.84 and 5.94). During the period of investigation 14 cutting were made (first year-3 cuttings, II -nd year-4, III -rd year-4 and IV -th year-3).
The agronomical traits dry matter yield, crude protein content, stem number per unit area and leaf/stem ratio were estimated. Before every cutting the stem number per unit area was determined as average number of stem/m2 from the middle in each harvesting plot. For the purpose of chemical analysis, twenty-five stems were randomly selected from each replication before yield determination.
Stems and leaves were separately dried and weighed to determine leaf concentration and leaf/stem ratio on a dry weight basis. Green matter yield was estimated by weight. In order to determine dry matter yield, sample of fresh biomass of randomly chosen plants were taken from each plot. The samples were weighted and dried at 105°C for 24 h to assess dry matter content. The crude protein content was determined according to the Kjeldahl procedure The correlation coefficients between the traits studied were calculated through the computer programme Microsoft Excel.
Results and discussion
Weather conditions during 2010 were relatively unfavorable for alfalfa stand development. Total rainfall (221,4 mm) for the autumn-winter (October 2009-March 2010) was close to the longterm norm of 235,1 mm for the region. In the alfalfa sowing year precipitation for April and May were below average norm, respectively of 25 % and 45 %.
Drought conditions after sowing resulted in slow early season alfalfa growth and suppressed development of the young alfalfa stand. Autumn-winter soil moisture supply during October 2010-March 2011 was sufficient for vigorous first regrowth. The total rainfall and temperature course during second and third alfalfa growing season were similar to the long-term norms and tend to good development of the alfalfa stands.
The highest temperature (34-38°C) in July and August was recorded. The weather conditions in the year of study were like to 2010. The meteorological condition during period of study allowed germplasm to manifest their yield potential. The mean seasonal distribution of dry matter yield of all germplasms across the four years of evaluation is shown in table 1. The data indicates that there were considerable differences in phenotypic expression of investigated trait.
It can be noticed that differences in values in four production years was more pronounced than the differences between studied germplasm. Concerning mean dry matter yield SP-SP 08 germplasm ranked first (10.48 t ha -1 ) followed by Prista 2 varieties (10.42 t ha -1 ) but the statistically significant differences between germplasm were no registered.
Regarding the crud protein content, in the first production year for all germplas the highest crud protein content in dry matter was ascertained (Table 2) . The crude protein concentration varied a more widely between germplasm -from 21.58 % for SP D-SP 05 germplasm (in the first year) to 18.70 % for Prista 2 variety (in the second year). The mean crude protein content showed significant differences between germplasm.
The germplasms that showed the highest protein values were SP-SP07 and SP D-SP 05 (20.88 %). As far as stem number per unit area thе highest values of this trait for Syn-SP 08 (805) were recorded, at mean (746) for all germplasms. It was found that stem number/m 2 varied in years and between germplasm studied. According to some authors main factors influencing the stem number are soil condition [COWETT and SPRAGUE, 1963] , meteorological condition [GEORGIEVA and NIKOLOVA, 2015] , and variety [STANISAVLJEVIĆ et al., 2008; MARINOVA and PETKOVA, 2010] . The date showed a wide range of values for leaf/stem ratio trait under study of testing germplasms. Data revealed that SР-SP 08 germplasm (50.66%) ranked first followed by SР-SP 07 (49.74) for the trait. [TESTA et al., 2011 , BUTNARIU, et al., 2016 , ROTARU, et al., 2011 states that protein content lower than 25 % shows a leaf/stem ratio in favour of stem (0.2-1.0), while values higher than 25 % are associated with a leaf/stem ratio in favour of leaf (1.0-1.4).
The analysis of variance was carried out to test the significance of all studied traits. It is known that coefficient of variation shows the degree of difference and power of trait variation.
Variation coefficients between the analysed traits are shown in Table 3 . In our investigation, the relatively lowest variation coefficient was established for quality traits leaf/stem ratio (1.22 %) and protein content (2.16 %), and the highest coefficient for stem number per unit area and dry matter yield (7.6 % and 6.16%, respectively). Based on the obtained results, it can be noticed that in four-years of study, the number of stems are the substantial trait due to relatively good variability, which makes it a successful criterion in selection for alfalfa yield increase. These results are consistent with the results of other researchers [ MONIRIFAR, 2011 ]. The date for dry matter yield variability confirm the fact that it is a complex trait caused by a large number of genes whose phenotypic expression is modified under the influence of environmental factors [FEHR, 1987] . The low coefficient of variation for protein content is in accordance with the results published by Rotilli and collab. [ In the present study, some significant relationships of studied traits were obtained. Correlation coefficients between the analysed traits are shown in Table 4 . The performed correlation analysis of the experimental data showed that dry matter yield was strictly and positively correlated with stems number per m 2 (0.8704**). This result confirmed the conclusions of [JOHNSON et al., 1994] . Moderate positive correlation between stem number and leaf/stem ratio (0.3079*) was also established. Crude protein content had strong positive relationships with stem number and leaf/stem ratio (0.6532** and 0.5409**, respectively). Same results were obtained by [TESTA et al., 2011] . There was found a weak negative correlation between dry matter yield and protein content (-0.0994) and moderate negative relation between dry matter yield and leaf/stem ratio (-0.4388*). Similar results of negative correlation between leaf/stem ratio and dry matter yield were obtained by [TUCAK et al., 2008] .
Conclusions
The relatively lowest variation coefficient for quality traits-leaf/stem ratio and protein content was established, and the highest coefficient for stem number per unit area and dry matter yield. Dry matter yield was strictly positively correlated with stems number per m 2 and moderately negatively with leaf/stem ratio. A weak negative relationship between dry matter yield and protein content was found. Crude protein content had strong positive relationships with stem number per unit area and leaf/stem ratio.
The results of investigation indicated that number of stems/m 2 could be a successful criterion in selection for alfalfa yield increase and quality improvement respectively. 
